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Abstract 
 The residential housing sectors consume a large amount of fossil fuel energy. Hence the sector is responsible for huge amount of 
greenhouse gas emission to the atmosphere. Most energy used in the residential housing sector is mainly for space heating and cooling. In 
order to reduce the energy consumption in the housing sector, energy smart house wall system is required to develop. It is difficult to 
achieve higher thermal efficiency by using current building wall systems with their construction materials and methods. Although some 
studies on different aspects of residential housing were reported in the open literature, scant information is available on energy smart 
house wall systems for the main stream housing. Therefore, the primary objective of this study is to investigate several new house wall 
systems using various construction materials in order achieve higher thermal efficiency for ongoing heating and cooling. Thermal energy 
performance modeling was undertaken for two current and four new house wall systems for varied climate conditions across Australia. 
The findings revealed that at new house wall systems can provide higher energy efficiency and the reduction of greenhouse gas emission 
for major locations in Australia. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
The rapid increase in economic and population growth has led to a greater demand for residential buildings in developed 
countries as well as in developing countries. The demand for new buildings accelerates the energy need. Around 30% of 
greenhouse gas emission comes from building construction and dwelling processes. Heating and cooling consumes 
approximately 40% of the total energy at the residential sector. In addition, a significant percentage of energy is utilized for 
household hot water system as shown in Fig. 1. 
 In Australia, the demand for residential buildings has been increasing rapidly due to urbanization, economic growth and 
population increase. Fig. 2 illustrates a continuous upward energy consumption trend in Australian housing sector for 
coming years. Nevertheless, in modern residential houses, energy consumption will increase further as the floor space area is 
progressively augmented. The CO2 emission and energy consumption for heating and cooling for the residential house sector 
has significantly increased over the past decade and will continue in the foreseeable future [1-3]. Although several studies 
have been undertaken on sustainable house construction system using various smart materials, a huge knowledge gap does 
exist in our understanding of residential house wall energy performance [4, 5]. Heating and cooling energy loads largely 
depend on ambient conditions especially temperature, humidity, user’s loading behavior and solar radiation. The primary 
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objective of this paper is to simulate house energy performance of a typical and several new house wall systems for variable 
Australian climates. 
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Fig. 1. Residential household energy usage in Australia. 
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Fig. 2. Australian housing sector energy consumption. 
Various countries including Australia have developed policies, regulations and guidelines to achieve higher energy 
performance in housing sector. These initiatives can be summarized as [6, 7]: 
 Development of building construction standards and methods to minimize energy consumption and to improve 
thermal energy performance. 
  Finding and implementing alternative ways to reduce the energy consumption through introducing energy 
rating systems to quantify residential on-going energy consumption. 
 Utilisation of various measurement tools including energy simulation software to estimate the on-going 
heating and cooling need for specific geographical location and to take step to minimise energy need. 
 Introduction of smart construction materials that have higher heat transfer resistance by maintaining suitable 
indoor environments with less energy consumption. 
 Providing incentives through tax credit and or comfortable for alternative energy use, especially solar and 
wind energy. 
2. Climate in Australia 
The climate in Australia varies significantly starting from arid, middle and tropical zones. Australia is divided into seven 
main climate zones based on climate conditions, metrological data and solar radiation. Those zones are tropical wet, tropical 
dry, semiarid, desert, subtropical dry summer, humid subtropical and humid oceanic. The Bureau of Metrology (BOM) has 
subdivided the entire Australian climate into 69 micro climate zones. Each climate requires a certain amount of energy for 
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heating and cooling. The weather patterns within the zones are also varied. Table 1 shows the climate zones for the major 
selected cities in this study [8]. 
                                                          Table 1. Climate patterns for selected cities. 
 
 
 
3. House wall systems in Australia 
There are mainly two types of house wall systems commonly used in Australia: brick veneer and weather board house 
wall systems. However, the brick veneer house wall system (here on conventional house wall system) is most widely used. 
In this study, we have selected conventional house wall system and new house wall systems. 
3.1. Description of simulated house 
  As mentioned earlier, we have selected a conventional house wall system, weather board and four new house wall 
systems. For each house wall system, the average floor area with three bedrooms is 100.2 m² and the total physical volume 
is 460 m3. Each house consists of a living or dining area, kitchen, three bedrooms and two bathrooms. The roof slope angle 
is kept at 20° as standard. The study is focused on bedrooms and living/dining areas as they need on-going heating and 
cooling. The orientation of the house is north facing as the geographical location of Australia is in the Southern hemisphere 
in order to maximise the solar radiated heating during the winter. A plan view of the house floor area used in this study is 
shown in Fig. 3. 
 
Bed 1
Bed 3Bed 2 Bath
Bath
Living
Dining
Kitchen
Double Garage 
Alfresco 
7.
7 
m
13.68 m
Main Entrance
N
7.
7 
m
 
Fig. 3. Australian housing sector energy consumption. 
3.2. Computational simulation 
Computational modeling method is used to determine the thermal performance of two current and four new house wall 
systems for varied climate experienced Australia. A range of commercial software is available for the thermal performance 
energy simulation. However, they cannot be used for all climate zones due to the unavailability of data for local climates, 
construction materials, and house design styles. In this study, we have selected commercially available software 
‘AccuRate’. This software is an improved version of its previous version known as the National House Energy Rating 
Scheme (Nathers) developed by the Commonwealth Scientific and Industrial Research Organization (CSIRO). It is widely 
used and accepted for the simulation of energy performance for all Australian states and territories. The software has in-
built library of thermal properties of commonly used building material and climate data for Australian conditions. The 
software can provide an energy rating on a scale from 0 to 10. The higher the scale rating, the better it is for energy saving 
as the house requires less energy for ongoing heating and cooling. It also incorporates the effects of natural ventilation in 
thermal performance simulation. 
Climate zone   City  Weather description 
1 Darwin High humid summer, warm winter  
2 Brisbane Warm humid summer, mild winter 
3 Alice Springs Hot dry summer, warm winter 
4 Adelaide, Perth Warm temperature 
5 Melbourne, Canberra Cool temperature 
6 Hobart , Sydney Warm summer, mild winter 
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3.3. Thermostat setting and conditioned hours 
Only bedrooms and living room are considered to be heated or cooled. All rooms generally have conditioned operating 
hours and thermostat setting. Heating is applied if the temperature of the room without heating is below the thermostat 
setting and the cooling applies if the temperature rises above thermostat setting. The thermostat setting depends on local 
climate condition. In this study, heating or cooling for living room was made available from 7:00 to 24:00 hours with 
thermostat setting of 20°C. Bedrooms generally have different conditioned hours and thermostat setting for heating and 
cooling. The thermostat setting for heating/cooling the bedroom can have higher and lower value. Here we have selected 
lower temperature (15°C) between 1:00 to 7:00 and higher temperature (18°C) between 8:00 to 9:00 and 16:00 to 24:00 
hours for bedrooms. 
4. Australian house design pattern 
 As mentioned previously, the brick veneer and weather board houses are widely used in Australia. A brief discussion of 
these two brick veneer and weather board (conventional) houses is given in the following subsection. Additionally, a new 
house wall concept is also discussed. 
4.1. Conventional house wall design 
 The conventional (brick veneer)  wall system is most common and generally consists of 110 mm brick veneer, 40 mm 
air gap and 90 mm timber stud structure filled with 5 mm sisalation foil insulator. The internal wall is generally made of 10 
mm plaster board as shown in Fig. 4(a). Fig. 4(b) shows the other conventional weather board wall construction system. The 
exterior wall is made of 22 mm thickness wood cladding, 90 mm timber frame and 10 mm plaster board from inside. 
However, the roof structure is made of timber with terracotta/concrete tiles for both houses. In general, the foundation is 
made of concrete slab or timber stamp for both types of houses. 
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Fig. 4. Brick veneer and weatherboard wall houses built in Australia. 
4.2. New house wall concept 
Here, we have examined four new house wall systems. The wall systems for all four designs possess reinforced concrete 
as house wall structure system with polystyrene and polyurethane rigid foams as insulation materials. For all four designs, 
same constructions materials and foundation are used except insulation materials. Design 1 consists of 10 mm exterior 
render, 150 mm reinforced concrete, 59 mm insulated material (single polystyrene layer).  From inside there is 10 mm 
plaster board. Design 2 has the same materials used in design 1 but the thickness was double (118 mm). Designs 3 and 4 
have also same construction materials used in design 1. But, different insulation materials are used. The insulation system in 
design 3 is made of 42 mm rigid foam (single polyurethane layer) whereas the insulation system in design 4 is made of 84 
mm rigid foam (double polyurethane layer). However, the roof structure is kept as conventional without any changes. 
Schematic of a new wall arrangement and reinforced concrete panel house wall systems are shown in Fig. 5. Table 2 shows 
thermal properties for building materials used in this study. 
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Fig. 5. New house wall designs with different insulation materials and thickness. 
                  Table 2. Thermal properties of building materials used in this study. 
Materials Thermal conductivity  (W/m.K) 
Thermal resistance  
(m2.K/W) 
Density 
 (kg/m3) 
Brick Veneer 0.80 1.25 1700 
Re-inforced concrete 0.50 2.00 1400 
Timber 0.15 6.67 650 
Single glass window 0.65 1.53 2500 
External rendering 0.25 4.00 1300 
Tile concrete 0.84 1.19 1900 
Cast concrete slab 1.13 0.88 2200 
Expanded polystyrene  0.034 29.41 24 
Polyurethane rigid foam 0.023 38.00 32 
Sisalation foil  0.035 28.57 25 
Plasterboard 0.25 4.00 950 
 
5. Results and discussion 
The thermal performance of two current (conventional) and four new house wall systems were modeled using AccuRate 
software. As mentioned earlier, wall materials and their various thicknesses were the input parameters for the modeling. The 
results obtained show the thermal performances of two house wall systems (conventional and new Designs) for ongoing 
heating and cooling under the same input conditions. All house wall systems located at Darwin need the highest energy 
(MJ/m²) for ongoing cooling and heating. House wall systems for Canberra and Alice Springs need the 2nd highest energy 
for heating and cooling. The lowest energy is required for house wall systems at Brisbane.  The weatherboard house wall 
system requires consistently higher energy for heating and cooling for all cities. The brick veneer house wall system 
requires slightly lower energy compared to the weatherboard house wall system (see Table 3).  
                 Table 3. Energy requirement for conventional & newly designed house wall systems for selected cities. 
Total Energy Required (MJ/M2. Annum) 
No. City State Brick veneer Weather board Design 1 Design 2 Design 3 Design 4 
1 Melbourne VIC 144.5 149.5 113.5 102.6 113.7 102.7 
2 Brisbane OLD 58.6 61.1 52.4 52.1 52.5 52.2 
3 Darwin NT 633.5 643 460.6 449.5 461 449.6 
4 Hobart TAS 186.9 191.3 170.2 156.6 173.5 157.2 
5 Adelaide SA 133.7 139.3 87.2 79.6 87.4 79.7 
6 Sydney NSW 65.9 70 49.8 48.6 49.8 48.6 
7 Canberra ACT 211.8 217.4 192.1 173.6 192.4 173.7 
8 Perth WA 111.1 116 64.7 61.1 64.7 61.4 
9 Alice Springs NT 217.1 223 136.5 129.9 136.7 129.7 
 
The new design wall systems require less energy for all cities compared to brick veneer and weatherboard houses. 
However, Designs 2 and 4 have displayed higher energy savings compared to Designs 1 and 3. This is primarily due to the 
use of double-thickness insulation materials. It may be mentioned that polystyrene insulation material was used for Designs 
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1 & 2 whereas polyurethane insulation material was used for Designs 3 & 4. The thermal conductivity of polystyrene 
insulation material is 48% higher than that of polyurethane. In contrast, the specific density of polystyrene is 25% less than 
the specific density of polyurethane. In order to understand the thermal behavior of all new house wall designs, we 
estimated the energy requirement for the same thickness (42 mm) of Designs 1 & 3 with polystyrene and polyurethane 
insulation materials respectively. Similarly, the energy requirement was estimated for the same thickness (84 mm) of 
Designs 2 & 4 as shown in Table 4. For both cases, using the same thickness of polyurethane instead of polystyrene 
insulation, over 40% energy can be saved due to polyurethane’s lower thermal conductivity and higher specific density. 
             Table 4. Energy requirement for two insulation materials of 59 mm & 118 mm thicknesses (D1 & D3, D2 & D4). 
 Insulation Thickness 59 mm Insulation Thickness 118 mm 
No. City Design 
1 
Design  
(modified) % 
Design  
2 
Design  
(modified) % 
1 Melbourne 113.5 159.7 40.7 102.6 144.3 40.5 
2 Brisbane 52.4 73.8 40.7 52.1 73.3 40.5 
3 Darwin 460.6 647.6 40.6 449.5 631.6 40.5 
4 Hobart 170.2 243.7 43.2 156.6 220.8 40.5 
5 Adelaide 87.2 122.8 40.8 79.6 112.0 40.5 
6 Sydney 49.8 70.0 40.5 48.6 68.3 40.5 
7 Canberra 192.1 270.3 40.7 173.6 244.0 40.5 
8 Perth 64.7 90.9 40.5 61.1 86.3 40.5 
9 Alice Springs 136.5 192.0 40.7 129.9 182.2 40.5 
 
6. Conclusion 
In this study, two insulation materials of same and different thicknesses were used to understand their thermal effect on 
energy conservation. The simulated data indicates that new house wall design provides better energy saving for ongoing 
heating and cooling compared to brick veneer and weather board house wall systems at all 9 cities selected. The 
polyurethane insulation material provides significantly better (over 40%) energy savings compared to polystyrene insulation 
material. However, doubling the thicknesses of both materials provides energy savings between 5 and 10%. Therefore, 
selection of these two materials as thermal insulation should be based on economic analysis and life cycle assessment. The 
utilization of both materials in house wall systems for all major climate conditions in Australia offers higher thermal 
performance and better energy savings. 
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